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Introduction: 
Biological anthropologists have long highlighted nasofacial differences between African and 
European populations, often regarding African-Americans as morphological proxies for Equatorial 
Africans in these endeavors. Despite the known mid-facial skeletal morphology distinctions between 
Equatorial Africans and ancestral Europeans, little is known about how admixture between these two 
populations affects African-American nasofacial morphology. It has been argued that the nasofacial 
region of the cranium is under high genetic heritability and therefore the striking differences between 
African and European nasofacial anatomy are due to a strong genetic basis where population 
displacement does not alter their morphology (Chierici et al 1973) (Anton 1989) (Cole et al 2017). 
However, substantial amounts of ancestral European DNA are present in the African-American 
populations due to historical contact between these two ancestral populations (Bryc et al 2017). The 
extent in which African-American populations have diverged away from ancestral African mid-facial 
morphology expectations in a significant way due to this genetic admixture is largely unknown.  
In order to elucidate whether African-Americans are acceptable proxies for African individuals in 
nasofacial research questions, an osteological and genetic study was designed in order to test the extent to 
which African-Americans have diverged from ancestral, Equatorial Africans. Here, we evaluate the extent 
to which European admixture and genetic structure in African-Americans has resulted in nasofacial and 
genomic divergence from the ancestral Equatorial African form, thus impacting their utility as 
morphological proxies for Equatorial African populations. 
The results of this study will highlight the significant divergence of African-Americans away 
from Equatorial Africans in both their morphology and genetic structure. It will also highlight the 
potential for inaccurate conclusions when using this admixed population in skeletal and genomic research 
studies as proxies for their assumed ancestral counterparts. This study supports previously cited and 
accepted average values of genetic admixture in African-Americans while also showing extreme 
individual morphological and chromosomal divergence from assumed ancestral types. 
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Background: 
To understand this research question, nasofacial differences between Equatorial Africans and 
ancestral Europeans must first be determined and explained. In forensic anthropology, these differences 
have long been observed between members of populations differing in climatic zones (Figure 1) (Byers 
2005). It was initially postulated that nasofacial differences between these groups were mainly due to 
random genetic drift. However, it was later discovered, through both morphological and genetic research 
methods, that there is good evidence for natural selection to be acting on individuals in various ways 
depending on their climatic zone, causing diversifying selection in nasal shape (Maddux et al 2017) (Zaidi 
et al 2017).  
Populations living in extremely humid, hot environments, such as equatorial or sub-Saharan 
Africa, have a stronger pressure to be able to shed both heat and moisture to prevent vital organs, 
specifically the brain, from overheating. When inhaling in this environment, it is therefore not necessary 
to warm the air before entering the lungs, where gas exchange occurs most efficiently at body 
temperature. Moreover, hot air can hold water much more effectively than cold air, making the mucosal 
lining’s ability to moisten the air before entering the lungs largely unnecessary. When exhaling in this 
environment, it is not adaptive to retain as much heat and moisture from the exhaled air as possible due to 
the already moist and hot air available and need to keep the brain cool. Therefore, in individuals with full 
or high amounts of African ancestry, specifically in the equatorial regions of Africa, a wide internal nasal 
fossa with very low surface area of mucosal to volume is expected. The less mucosal surface area there is 
in contact with the air, the less the turbinates will be able to warm and moisten the air during inhalation 
and will effectively minimize the amount of warm, moist air retained from the lungs during exhalation 
(Maddux et al 2017).  
Populations living in extremely cold, arid environments, such as northern Europe, are exposed to 
a much different climatic pressure. It would be adaptive for the individuals in this type of environment to 
retain as much heat and moisture from the air as possible. During inhalation, it is beneficial to maximize 
the surface area of the mucosal lining, therefore increasing the mucosal surface area to volume ratio, so 
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that as much of the mucosa as possible is in contact with the entering, cold external air. The internal nasal 
fossa is consequently much taller, narrower, and longer in these individuals in order to maximize the 
previously described ratio. This creates an internal nasal environment conducive to high amounts of 
turbinate activity, warming the air to a more desirable temperature before the air hits the lungs for gas 
exchange. During exhalation, it is adaptive for the individuals in this environment to retain as much heat 
and moisture in the air from the lungs as possible before starting the cycle over again. The high surface 
area to volume in the mucosal lining and nasal cavity allow for the entrapment of this heat and moisture 
so that the next inhalation can efficiently be warmed again (Maddux et al 2017). 
It has therefore been argued in physical anthropology as well as in the health sciences that 
African-Americans are an acceptable proxy for Africans, especially when researching or making claims 
about the nasofacial region, due to these differing climatic selective pressures (Yokley 2006) (Cann et al 
1987). In a classic genetics study using mtDNA genomes of populations around the world, more evidence 
for an African origin was found, greatly impacting how researchers as well as the public viewed human 
evolution and populational genetic variation. However, in the study, African-American mtDNA genomes 
were used as proxies for African mtDNA genomes due to the argument that mtDNA is maternally 
inherited and would therefore not be recombined creating an admixed genome. Furthermore, it was 
argued that since the European gene flow present in African-Americans was historically due to males, the 
inherited mtDNA in African-American individuals was most likely of African ancestry. However, after 
testing the African-American mtDNA genomes for purely African haplotypes, 1/3rd of the individuals did 
not have African haplotypes and were removed from the sample (Cann et al 1987). 
This trend of using African-Americans as proxies for Africans continues into present day. One 
more recent example, chosen due to its focus on the nasofacial region as described above, is from a study 
on facial phenotypic traits as signatures of individuality and social recognition in humans (Sheehan et al 
2014). In one particular graph, the researchers place graphs of hand length versus hand width and nasal 
length versus nasal width next to each other. This was supposed to give evidence for their argument that 
facial features, and their underlying genes, are uncorrelated and therefore more unique than post-cranial 
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features since the graph of the hand showed both the width and the length increasing together in a trend 
while the graph of nasal width versus length showed no discernible correlation. 
However, they used African-American and European-Americans nasal measurements in their 
study. Ironically, due to the nose’s role in climatic selection, the researchers chose a facial feature that 
would normally show extreme patterns and interdependency of traits. However, they used African-
American nasal measurements in the same graph as European nasal measurements which resulted in a 
graph that appeared messy and therefore supported their conclusion that facial features are uncorrelated. 
This lack of correlation is not in fact caused by the independence of nasal length and width but instead 
caused by admixed individuals from two climatically separate ancestral populations exhibiting a mix of 
facial traits which was then exacerbated by being overlapped with another admixed population in the 
same graph.  
The same argument that African-Americans can be reliably used as a proxy for Africans is seen in 
healthcare. Individuals are diagnosed, given risk factors, and treated using social identification of race, 
usually through traits with poor correlations with actual genetic ancestry, such as skin color. While 
populational differences in disease susceptibility do vary, these differences on a genetic scale should not 
be determined using secondary, proxy methods. This is especially relevant currently when genetic 
information can be attained much more quickly, cheaply, and effectively. Pharmaceutical drugs such as 
BiDil are targeted towards African-Americans with heart failure due to the fact that African-Americans 
are more likely to die of congestive heart failure compared to European-Americans. The trials for this 
drug were only tested on individuals who self-identify as African-American, without any genetic data 
collected. The effects of this drug on any other ethnic group within the United States are unknown (Brody 
H, Hunt LM. 2006). Therefore, assuming there are different physical reactions to the medication 
depending on an individual’s population history, a highly admixed self-identified African-American on 
the medication might experience neutral to poor results. 
Other research concerning morphological divergence of African-Americans towards more 
European characteristics has been completed. A study done by H.J.H. Edgar in 2007 showed that African-
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American dental morphology has diverged away from West African ancestral characteristics and towards 
ancestral European characteristics over time. They studied a total of 1,265 dental palates from European-
Americans, African-Americans, ancestral Europeans, and ancestral Sub-Saharan West Africans from 
three different time periods in order to get insight into temporal changes. Interestingly, they found that 
there was consistent morphological change in African-Americans away from the Sub-Saharan West 
African sample over time. This is a crucial, not intuitive find due to the fact that it implies that there was 
uninterrupted gene flow between the populations through periods of Jim Crow laws and the Civil War 
(Edgar 2007). 
Furthermore, H.J.H. Edgar found that there were statistically significant differences between the 
African-American sample from southern and northern states. However, perhaps unexpectedly, the 
southern sample of African-Americans showed the greatest divergence away from the Sub-Saharan West 
African samples and greatest similarity to the European dental morphologies. Therefore, dental 
morphological comparisons between the groups suggests that it was the more admixed African-
Americans who stayed in rural areas instead of moving to the more urbanized north during the Great 
Migration (Edgar 2007). However, this relies on the assumption that morphological divergence between 
populations corresponds with genetic divergence between populations due to admixture. Recently, it has 
been shown that African-Americans in the more southern states have higher genetic ancestry from Africa 
than African-Americans living in more northern states (Baharian et al 2016). This could imply that there 
is a discrepancy between the genetic makeup of an individual and the corresponding phenotypic traits. 
The conflicting results between studies could also be due to temporal differences in the populations 
sampled in their respective research, making both of their conclusions valid during the time when each 
study was conducted, implying a recent demographic change.  
In physical anthropology, researchers will use African-American osteological remains in 
collections around the United States in their research as a proxy sample for Africans. This is especially a 
problem in studies done on the nasofacial region of the skeleton due to the previously described argument 
that the nasofacial region is under selection, depending on climatic pressures, and therefore are more 
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genetically determined. Their assumption that there is a lack of morphological divergence in African-
Americans due to this highly genetically determined aspect of the crania would be more applicable if 
African-Americans did not show very high amounts of admixture from Europeans, populations with very 
different climatic selection pressures in the nasofacial region. 
Therefore, the genetic contribution from the African and European ancestral populations must be 
identified and quantified in the African-American and European-American individuals to show this high 
percentage of admixture. In a recent study done by Bryc et al, 23&Me customers self-identifying as 
African-America, European-American, or Latino consented to their genomes and personal information 
being used in a nationwide study of genetic ancestry, admixture, and social identity in the United States 
(2015). The researchers asked which one social race out of eight available options the individual 
identified themselves with. They only used individuals who did not write that they were of mixed race, 
only eliminating a small subset of their data due to the fact that 95% of African-Americans note only one 
racial identity and 97% of European-Americans note only one racial identity.  
Their results show a range of admixture values depending on geographic location, self-identified 
race, and actual genetic ancestry. African-Americans showed a lower than previously documented mean 
African ancestry of 73.2% and a higher than average mean of European ancestry of 24%. The self-
identified African-American sample was found to contain the full range of African ancestry from 0-100%. 
The African-Americans with the highest amount of African ancestry correlate with southern birthplaces 
or residences. However, only 1.4% of the self-identified European-Americans were shown to carry 
African ancestry greater than 2%. They note that European-American individuals with higher than 
average amounts of African admixture are from states that correlate with higher proportions of African-
American residents. Interestingly, they found that individuals with African ancestry identified as African-
American if their African ancestry was above 50% but only identified as European-American if that 
ancestry was lower than 28%, this skew shows a heavy social pressure to identify as African-American 
despite being more genetically related to individuals of European ancestry.  
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This discrepancy between European-American admixture proportions and African-American 
admixture proportions has several potential causes. The first, and perhaps the most apparent, explanation 
is due to social factors. The second cause, highly tied to the first, is due to the complexity of social versus 
personal identity.  
In addition, the discrepancy can also be explained mathematically due to expected admixture 
levels in individuals resulting from unequal initial effective population sizes between the two ancestral 
populations. While it is certain that the reality of African-American genetic ancestry includes more than 
two ancestral populations, the following models assume that this admixed population is a product of only 
ancestral Africans and Europeans. This makes the computations easier to follow and ignores very little of 
the actual genetic history of the populations considering that the average non-African and non-European 
ancestry levels in African-Americans is only around 2%. Statistical models show that if there is a large 
discrepancy between effective population sizes of two populations, the product of their initial admixture 
event is skewed towards the genetic makeup of the population with the larger population size. For 
example, if the effective population size of a defined Population 1 is four times larger than a defined 
Population 2, and if the offspring of the initial admixture even then mate with predominantly individuals 
from Population 1, then after six generations the admixture from Population 2 into Population 1 will 
center around 5%. However, if offspring from the initial admixture event then predominantly mate with 
individuals from Population 2, admixture levels from Population 1 will center around 25% (Verdu & 
Rosenberg 2011).  
This mathematical explanation can be directly compared to African-American admixture levels in 
the United States. The substantially smaller initial effective population size of the African population 
compared to the larger effective population size of the European population caused the gene flow from 
the European population into the African population to appear unequal compared to the gene flow from 
the African population into the European population. The mathematical result of 25% of the genetic 
makeup of admixed individuals belonging to population with the larger initial effective population size is 
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strikingly similar to the average accepted value of ancestral European DNA present in individuals 
identifying as African-American, 24% (Verdu & Rosenberg 2011) (Bryc et al 2015). Similarly, the 
mathematical estimate of the percentage of admixture from the population with the smaller initial 
effective population size, Population 2, in individuals identifying as members of Population 1, 5%, is also 
comparable to the results shown by Bryc et al, an average ancestral African contribution of ~2% in 
European-American individuals. These social, historical, mathematical, and genetic explanatory factors 
are by no means mutually exclusive and most likely all contribute to the admixture proportion differences 
seen between African-Americans and European-Americans.  
Some studies have shown differing levels of admixture between sexes. The presence of 
chromosomal differences between the sexes creates a mechanism for determining the historical proportion 
of male versus female gene flow from one population into another. If gene flow from one population into 
another is predominated by males, then the female mtDNA haplotypes of the other population will be 
more abundant in the admixed individuals. A similar explanation can be given for an admixed population 
having more Y chromosome haplotypes from one ancestral population than the other.  
These ideas are directly applicable to admixed African-Americans in the United States. The study 
done by Bryc et al compares the percentage of ancestral African autosomal DNA to the percentage of 
African DNA on the X chromosomes specifically (2015). If there was historically equal gene flow 
between males and females in the two ancestral populations, then the proportions of ancestry in the 
autosome compared to the proportion of ancestry in the X chromosomes specifically should be the same. 
Interestingly, the researchers find evidence for female X chromosomes having more African ancestry than 
the rest of the autosome, showing a bias towards female African ancestry in modern day African-
Americans. They estimate that about 5% of modern day African-Americans ancestors were female 
Europeans, contrasting greatly with their estimate of 19% of their ancestors being European men. Higher 
proportions of African ancestry on the X chromosomes of European-Americans also support the idea of a 
male European and female African bias in gene flow  
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Furthermore, using the proportions of admixture found in the autosomes and sex chromosomes, 
the researchers were able to ascertain when the first event that created the admixed population initially 
occurred. They found that the admixture event between Africans and Europeans in the United States 
initially occurred 6 generations ago (Bryc et al 2015). This is important for understanding that the very 
little contact between Africans and Europeans before the Atlantic Slave Trade is not incredibly relevant to 
admixture discussions of African-Americans and European-Americans in the United States. Moreover, 
they show that the initial admixture event between the African and European population happened, as 
expected, before 1860. This is important, conclusive information necessary to take into account when 
studying admixture levels before and after the Great Migration of African-Americans from the southern 
states to the north since there were definitely a large number of admixed individuals prior to contact with 
populations living in the more northern states.  
 
Materials and Methods: 
In order to elucidate whether African-Americans are acceptable proxies for African individuals in 
nasofacial skeletal research questions, an osteological and genetic study was designed in order to test the 
extent to which African-Americans have diverged from ancestral, Equatorial Africans. Although 
previously described morphologically-based papers regarding African-American admixture have been 
completed, the extent to which the nasofacial divergence from Equatorial African morphology towards 
European has yet to be elucidated. In addition to the climatic significance of this region, the 
measurements that can be collected from the mid-face are continuous, allowing for much finer levels of 
divergence than discrete traits, such as tooth morphology.  
Genetically, several articles in the literature have already quantified African-American admixture 
levels. However, here we use a focused study using only the ancestral populations of interest, European 
and Equatorial African, and methodology that mimics the discriminant function used in the morphological 
aspect of our study. Although this genetic form of a discriminant function is not directly comparable due 
to different samples between the individuals with morphological and genetic data, the parallel 
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methodologies between the morphological and genetic datasets allow for a closer, more focused 
comparison of results than the use of previously cited admixture levels. Furthermore, instead of only 
displaying average values of admixture from entire populations of African-Americans, this methodology 
allows us to show individual diversity in admixture levels on a continuum from one specific ancestral 
population to the other.  
Samples: 
Four Equatorial African samples (Table 1) were analyzed morphologically from Tanzania, 
Gabon, Cameroon, and Zulu. The African genetic sample includes Yoruban individuals from the 1000 
Genomes Project (1000 Genomes Project Consortium et al 2015). These populations in both the 
morphological and genetic samples are directly associated with areas tied to geographic and historical 
sources of African-American genetic ancestry, such as residing on the equatorial west coast, being a 
member of Niger-Kordifan language groups, or being a part of groups associated with the Bantu 
expansion (Tishkoff et al 2010).  
Individuals from the British Isles, France, Germany, Austria, Czech Republic, and Hungary were 
used as the ancestral European morphological sample (Table 1). The European genetic sample includes 
individuals from Great Britain, Spain, and Italy (1000 Genomes Project Consortium et al 2015). These 
samples were chosen due to their association with cold-adapted nasofacial morphologies from living in 
northern European climates and known bottleneck after migration out of Africa. European-Americans 
were also included from the 1000 Genomes Project to compare ancestry levels from this admixed group 
to the other, African-Americans (Table 2) (1000 Genomes Project Consortium et al 2015).  
The African and European samples were used as the two main source populations for African-
American genetic ancestry. The assumption is made that admixture from Native Americans is minimal 
due to known, very low genetic contributions from this population in modern African-Americans in the 
United States (Bryc et al 2015). Therefore, no Native American source populations were used. Our 
African American samples include individuals from both the Terry Collection at the Smithsonian in 
Washington DC and the Hamann-Todd Collection at the Cleveland Museum of Natural History (Table 1). 
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The African-American genetic sample includes the ASW individuals from the only African-American 
sample included in the 1000 Genomes Project (1000 Genomes Project Consortium et al 2015). 
Due to instances of familial participation in data collection in the 1000 Genomes Project, a 
maximum of 40 individuals from a different documented familial unit in each of the described 
populations were used. These selected 40 individuals from different familial units therefore eliminated 
redundancy in the samples and ensured independent data points. 
Analyses: 
All samples used in the morphological aspect of this study were analyzed using 18 nasofacial 
measurements (Table 2). Half of each of the ancestral samples, the Europeans and Equatorial Africans, 
were used in order to create a discriminant function. The other half of the ancestral samples were then 
input into this function to make sure the discriminant function was reliable, i.e. the discriminant function 
estimated that the input Europeans were European and the input Africans were African. The African-
American samples were then input into the discriminant function to test whether the individuals were 
morphologically more similar to the European sample or the Equatorial African sample when analyzing 
the nasofacial region. The ancestral European sample was split into Central and Western European 
samples in order to compare regional differences of contribution into African-Americans. A canonical 
variate analysis was performed to better visualize the range of variation within populations and their 
relationship to the other two. 
SNP sequences were collected from NCBI GenBank and were run through the program 
STRUCTURE with K set to 2, mimicking discriminant function methodology. This K=2 requires the 
program to discriminate the 240 input sequences into only two groups based on SNP pairwise 
comparisons. If runs go as expected, the two groups discriminated by STRUCTURE will be African and 
European, with the admixed individuals falling in the middle of these two clusters. This methodology will 
be done by diploid chromosome, 1-22, which will then be evaluated a second time by single (non-diploid) 
chromosome, maternal versus paternal. This will allow us to check for discrepancies between 
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chromosomes as well as maternal versus paternal input which should highlight individual diversity and 
the complexity of admixed genomes due to linkage disequilibrium blocks in genomic structure.   
Results:  
Morphology: 
When the Equatorial African and Western European samples were input into the morphological 
discriminant function, the percent correct classification to their respective populations is between 99.2%-
100%, 146/148 males correctly classified and 216/216 of the females correctly classified (Table 3). When 
the Equatorial African and Central European samples were input into the discriminant function, the 
percent correct classification to their respective populations is between 95.7%-100%, 223/232 males 
correctly classified and 223/224 females correctly classified. Females tend to be classified at higher rates 
than males but these differences are not statistically significant. When Western Europeans are used, the 
function also gives more correct classifications but these small differences are not statistically significant. 
Overall, our two non-admixed samples used as source populations for our African-American samples 
produce very low rates of “incorrect” classification, between 0-4.3%. 
When the Hamann-Todd and Terry Collection African-American samples were input into the 
discriminant function, the percent “incorrect” classification to the African source populations is between 
19.4%-47.8% (Figure 2). There was no significant different between male or female samples. Although 
there were also no significant differences between the two osteological collections used, it is interesting to 
note that the two extremes in African-American’s being classified as more morphologically European are 
between the Hamann-Todd males, 47.8%, and the Terry Collection males, 19.4%, when using the Central 
Europeans as a reference population. 
Results from the canonical variate analysis gives insight into which areas of the mid-face have 
diverged from African morphological expectations. The canonical variate loading contrasts show six 
major areas of similarity to European facial features in the African-American males who were predicted 
by the discriminant function analysis to be European. These individuals exhibited high values for piriform 
aperture height, zygoorbitale-inferior nasomaxillary suture subtense, internal nasal fossa length, and nasal 
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height. These individuals also exhibit low values for nasal breadth and basion-prosthion length. Overall, 
they are characterized as having relatively tall and long internal nasal fossae, taller and narrower nasal 
apertures, and reduced subnasal prognathism. The African-American males who were classified more 
closely with African individuals exhibit the reciprocal characteristics, such as shorter and wider nasal 
piriform apertures and fossae as well as greater subnasal prognathism.  
Similarly, the female African-Americans who were classified in the discriminant function as 
European exhibited increased lengths for piriform aperture heights, simotic subtense, internal nasal fossa 
length, and decreased values for nasal breadth, basion-prosthion length, and basion-subspinale length. In 
other words, the female African-Americans who were predicted to be European had taller and longer 
internal nasal fossae and piriform apertures, higher nasal bridges, and reduced nasal as well as subnasal 
prognathism. The female African-Americans who were classified as African in the discriminant function 
analysis exhibit opposite characteristics, such as shorter and wider nasal fossae and apertures, lower nasal 
bridges, and increased nasal and subnasal prognathism.  
All individuals were plotted on a canonical variate score plot shown in Figure 3. The European 
and Equatorial African samples separate out on Score 1 with the two African-American samples, 
occupying roughly the same two-dimensional space, falling in-between these reference samples. 
Interestingly, Score 2 separates the African-American samples away from both the European and African 
source populations. The 95% confidence ellipses for the African-American populations are larger than 
both the European and African populations. This is consistent with the fact that admixed populations, by 
definition, will have higher amounts of variation that both of their source populations. 
Results:  
Genetic Admixture: 
 When the Yoruban and European samples were input into the program ADMIXTURE, K=2 to 
mimic our morphological discriminant function (DF), the percent estimated ancestry to their respective 
populations is between 96.5-99.1% (Table 4). This 0.9-3.5% estimated admixture is strikingly similar to 
our morphological DF incorrect classification of 0-4.3%. These percentages were low and robust, giving 
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us confidence in using these samples for differentiated source populations, both morphologically in the 
nasofacial region and genetically.  
 The European-Americans genetically matched their estimated source populations very strongly 
with a 98.8% match to the European sample sequences. However, the other admixed sample, African-
Americans, poorly matched their estimated African source population at an average of 72.9%.  
 The average percentage of European admixture in the African-American sample was 22%, in line 
with previously discussed literature on African-American admixture levels across the United States (Bryc 
et al 2015). On average, over 1/5th of the genomes from the African-American sample in the 1000 
Genomes Project are estimated to be of European origin. However, this overall average is not 
individualized and by definition fails to show the range of variation in our sample of African-Americans. 
While over 20% is already a large divergence, several individual African-Americans had estimated 
European ancestry that was higher. When the sample was categorized into admixture levels at every 10%, 
18/40 of the individuals fell above 20% admixture from Europe (Figure 4). 
 When the African-American samples were analyzed by paternally and maternally inherited 
chromosome separately, there were no significant differences in amount of European admixture found in 
either. However, when the data was separated by sex, female participants had a statistically significant 
higher percentage of European admixture, p-value = 0.041 (Table 5).  The highest difference between the 
sexes was on paternally inherited chromosomes, 34.46% European admixture in females and 17.19% in 
males.  
The African-American sample from the 1000 Genomes Project was also analyzed by percent 
European admixture per chromosome to show the variability in genomic structure in this sample. Only 
one individual had consistent European ancestry over 90% on every chromosome, with chromosome 17 
and 19 being the exceptions. All other individuals showed incredibly high ranges of estimated European 
ancestry between chromosomes, with the largest extreme within an individual being 0.7% estimated 
European ancestry on the 21st chromosome but 96.9% estimated European ancestry on the 22nd. Even 
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when categorized into grouped bins and averaged, there is still large leaps between admixture percentages 
between chromosomes (Figure 6).  
Discussion: 
The Terry and Hamann-Todd African-American samples as well as the 1000 Genomes Project 
African-American sample all show significant divergence from both of their ancestral forms. The 
discriminant function analysis of our Equatorial African and European samples shows the marked 
nasofacial skeletal contrasts between these populations with correct classification into African vs. 
European groups ranging from 95.7% - 100% depending on variable selection input. In contrast, if 
prescribing to the African-proxy assumption, the number of African-Americans “incorrectly” classified as 
European from those predictive equations ranged from 19.4% to 47.8%, and averaged between 25.0% - 
29.1% across all possible discriminant function inputs including sex. In other words, 19.4-47.8% of the 
African-American samples in the two largest and widely used osteological collections in the United States 
were predicted to be European based on nasofacial morphology alone.  
It is interesting that the percentage incorrect classification of African-Americans as Europeans 
matches the average percentage of European admixture found in the genetic aspect of this study as well as 
the historic admixture between Africans and Europeans that has been estimated based on previous genetic 
studies in the literature (Bryc et al) (1000 Genomes Project Consortium et al 2015). Due to our 
morphological and genetic samples not coming from the same individuals, we cannot test if this similarity 
in percentage merely occurred by chance or if there is a direct connection between the nasofacial 
phenotype and the average percentage of European admixture. Future research should focus on matched 
morphological and genetic samples from the same individuals.  
Genetically, the African-American sample from the 1000 Genomes Project was predicted to have, 
on average, 22% European admixture. This is consistent with current predictions of African-American 
admixture levels (Bryc et al) (1000 Genomes Project Consortium et al 2015). Although this average value 
is less than 50%, the heavy amount of linkage disequilibrium due to recent admixture in this sample 
creates larges ancestry blocks that have yet to be broken up. If these blocks stretched across DNA that 
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directly contributes to or regulates nasal growth and shape, these admixed populations could exhibit high 
amounts of morphological divergence in their nasofacial region. When looking at chromosomes 
individually, every chromosome had between two to seven individuals who had over 50% estimated 
European ancestry on that chromosome and one individual had over 90% on 20 out of 22 of the 
chromosomes and an average of 94.8% European ancestry overall. All of these individuals are classified 
as African-American regardless of their percentage of African and European ancestry. The variability and 
unpredictability of this sample does not make it an accurate or reliable proxy for Africans or Europeans 
genetically.  
These results are in line with a study done by Kumar et al on lung-function of patients who 
identify as African-American (2010). They found that the model that included actual genetic ancestry 
better predicted their forced vital capacity and forced expiratory volume than the model based solely on 
self-identified race. Without genotyping the individual, it is impossible to know if certain risk alleles for 
disease associated with the identified population are present due to these found large stretches of linkage 
disequilibrium.  
However, it is important to note that in some non-osteological medical studies, socially identified 
racial classification has been found to be more indicative of health than an individual’s underlying 
genetics. For example, Gravlee et al found that people who were visually described as having a very dark 
skin complexion by others were more likely to have increased hypertension as their socio-economic class 
increased (2009). Interestingly, individuals described as having light or intermediate skin tones showed 
decreased hypertension risk as their socio-economic class increased. When testing for genetic markers for 
hypertension, there were no statistically significant markers in the groups based on genetic ancestry until 
their socially constructed skin tones were added into the model. There were no statistically significant 
differences between identified “color” of the individual and their actual measured genetic ancestry, a 
finding in-line with our own findings in the genetic portion of our study. Therefore, a more holistic 
approach to medical risk factors and diagnoses needs to be applied to patients which considers both actual 
genetic ancestry and socio-political factors that may impact health.  
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Conclusion: 
Our data shows that African-American samples should be treated as such, an admixed sample that 
is distinguished from both ancestral populations. The combination of African and European genetic 
ancestry, as well as probable genetic drift, have created unique and variable nasofacial morphological 
divergences from both ancestral types. Varying regional patterns of European admixture has led to 
significant nasofacial phenotypic differentiation among African-Americans compared to populations from 
Equatorial Africa. African-American individuals of both sexes can be inaccurate proxies for their 
assumed ancestral African nasofacial phenotypes. Furthermore, as discussed in the example from Sheehan 
et al, climatic adaptation studies using African-Americans as proxies for Equatorial Africans are likely to 
underestimate the actual extent of nasofacial differentiation between hot-humid adapted Africans and 
other cold-adapted populations (2014). Thus, the actual veracity of natural selection acting on human nose 
form in those studies would also be miscalculated. 
 Although individuals’ genetics contribute to their nasofacial phenotype, and both the genetic and 
morphological data are significantly divergent from their ancestral forms, we cannot say that there is a 
direct match between genotype and phenotype in these individuals. However, we can conclude that none 
of the African-American samples as a whole in our study were suitable, reliable, or accurate proxies for 
Equatorial Africans.  
The results of this study highlight the significant divergence of African-American nasofacial 
morphology away from Equatorial African expectations as well as their highly variable genetic structure 
within and among African-Americans. We give insight into the improper use of African-American 
skeletal remains as proxies for Equatorial Africans in osteological research and support the use of 
individualized genomic data as more accurate medical information compared to the proxy of social 
identity for ancestry in modern disease risk detection and treatment. This study supports previously cited 
and accepted average values of genetic admixture in African-Americans while also showing the extreme 
individual morphological and chromosomal divergence from assumed ancestral types. 
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Fig. 4. Estimated European admixture per individual. The African-American sample was 
categorized into ten 10% bins, from 0-100% European admixture. There were no 
individuals with average admixture values from 70-90% but one individual with an 
average European admixture value of 94.81%. 65% of the sample fall into the categories 
from 20-40% European admixture, with an average admixture value of 22%. 
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Fig. 5. Number of African-Americans predicted to have over 50%, 75%, and 90% European ancestry per 
chromosome. Chromosome 22 has the highest number of individuals who cross at least the 50% European 
admixture threshold while chromosome 19 has the lowest, at three.  
 
Fig. 6. African-American Estimated European Ancestry by Chromosome. The African-American sample was 
categorized into six different bins of estimated European ancestry: 0-10%, 10-20%, 20-30%, 30-40%, 40-70%, 
and over 90%. There were no individuals with European admixture levels between 70-90%. The dark blue 0-
10% line contains the average of seven individuals for every chromosome, the dark orange 10-20% line contains 
sixteen individuals, the grey 20-30% line contains ten, the light orange 30-40% line contains three, the light blue 
40-70% line contains four, and the green 90-100% line contains one individual. 
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Table 4. Percent ancestry percentages to each of the two source populations 
European:   
Britain 98.3% 
Italy 99.1% 
Spain 97.9% 
European-American 98.8% 
African:  
Yoruba 96.5% 
African-American 72.9% 
 
 
Table 5. Percent European Ancestry in African-Americans   
  Female  Male 
Paternal Chromosome 34.46% 17.19% 
Maternal Chromosome 22.65% 21.38% 
Average 28.56% 19.28% 
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